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HIGH CAPTURE EFFICIENCY BAFFLE 

CROSS-REFERENCE TO OTHER PATENT APPLICATIONS 

[0001] This application is a continuation in part of U.S. Patent Application Serial No. 
1 0/690,454, (Attorney Docket No. 065640-02 19) entitled "Filtration Media of Porous 
Inorganic Particles," filed on October 22, 2003, pending, which is hereby expressly 
incorporated by reference in its entirety. U.S. Patent Application No. 10/632,805, entitled 
"Separation Apparatus" (Attorney Docket No. (065640-0210), filed on August 4, 2003, 
pending, is also hereby expressly incorporated by reference in its entirety. 

. BACKGROUND 

[0002] The present disclosure relates generally to the field of baffles, and, more 
particularly, to the field of baffles for a kitchen hood. 

[0003] Cooking foods containing oily substances causes the emission of aerosols and 
vapors that include substances such as grease, soot, etc. that may coat kitchen hoods and 
ductwork which are meant to channel the emissions away from the kitchen environment. 
Grease that is not deposited on the ductwork is carried to the exterior of the building where it 
creates further problems. For example, grease buildup on the exterior of the building may 
cause the building to decay at a faster rate (e.g., grease buildup on a rubber membrane roof) 
and adversely affect the appearance of the building. Grease deposited at the outlet of the 
exhaust/duct system may also act as a source of fuel for a fire or as a slippery coating on 
walkways. To minimize these problems, kitchen hoods have been designed to carry, capture, 
and contain grease. 
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[0004] Conventional kitchen hoods use a baffle or mesh filter in the hood or ductwork to 
capture the effluent grease particles. A baffle generally operates by deflecting the exhaust 
stream as it passes through the baffle so that heavier substances (e.g. liquids.such as grease, 
solids, etc.) impact the surface of the baffle. After impacting the surface of the baffle, these 
substances drain to a collection area. A mesh filter typically uses fibers or metal scrim to . 
capture the grease. . . . '--'V 

[0005] Unfortunately, these conventional filters suffer from a number of deficiencies. 
These filters generally capture only larger substances and have limited efficiency. Because 
more of the substances make it through these filters and are. deposited inside the ductwork or 
outside the building, these areas must be cleaned more often, which often entails considerable 
additional expense. Also, in some instances, conventional filters such as mesh filters need 
frequent cleaning and/or replacement. Accordingly, it would be desirable to provide an 
improved baffle. : ; 

[0006] Of course, the claims define the scope of the subject matter for which protection is 
sought, regardless of whether any of the aforementioned disadvantages are overcome by the 
subject matter recited in the claims. Also, the terms recited in the claims should be given 
their ordinary and customary meaning as would be recognized by those of skill in the art, 
except, to the extent a term is used herein in a manner more expansive than its ordinary and 
customary meaning, the term should be given its ordinary and customary meaning plus the 
additional expansive meaning, or except if a term has been explicitly defined to have a 
different meaning by reciting the term followed by the phase "as used herein shall mean" or 
similar language. Accordingly, the claims are not tied to any particular embodiment, feature, 
or combination of features other than those explicitly recited in the claims. 

SUMMARY 

[0007] According to one embodiment, a baffle comprises a plurality of substantially S- 
shaped baffle members and a frame configured to hold the baffle members substantially 
parallel to each other. The baffle is configured to separate one or more entrained substances 
from an air stream. 
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[0008] According to another embodiment a baffle comprises a frame and a plurality of 
substantially S-shaped baffle members.. The frame is configured to hold the baffle members 
in an overlapping, substantially parallel relationship to each other. 

[0009] According to another embodiment, a kitchen hood comprises a frameand a plurality 
of baffle members/ the frame comprises a first side and a second side. Each of the plurality 
of baffle members comprises a first surface that < extends from the first side of the frame to the 
second side of the frame. The first surface is bent at a first angle and at a second angle. The 
• first angle is greater than 180 degrees and the second angle is less than 180 degrees. The 
angles are measured from the first surface. ■: ; : ^ / 

[001 0] According to another embodiment, a baffle to remove a substance from an air 
stream comprises a frame and a plurality of baffle members. The frame includes a first side 
anil a second side, The are substantially parallel to each other and extend between the first 
side of the frame and the second side of the frame. The baffle members define a plurality of 
channels each comprising a single entry opening and a single exit opening; , 

[0011] According to another embodiment, a baffle comprises a plurality of baffle members 
and a frame. Each of the plurality of baffle members includes rounded edges configured to 
deflect an air stream as it passes through the baffle. The frame is configured to hold the 
baffle members in a substantially parallel relationship 

[0012] According to another embodiment, a kitchen hood comprises a baffle. The baffle 
includes a plurality of baffle members each of which comprises rounded edges. 

[001 3] According to another embodiment a baffle comprises a plurality of baffle members 
and a frame configured to hold the baffle members in an overlapping, substantially parallel 
relationship to each other. At least some of the baffle members are shaped similar to two 
conjoined U shapes. 
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. . [0014] According to another embodiment a baffle comprises a plurality of baffle members 
: defining a plurality of channels and a frame. Each channel is configured to deflect an air 

: stream as. the air stream passes through the channel. The frame is configured to hold the • 

baffle members in a substantially parallel relationship to each other. Separation media is • . ' 

; positioned inside the channels. .' V / ; V . " 

; ' [00151 . According to another embodiment, a kitchen 'hood comprises a b^fle which. . : .X ■ 
. includes a plurality of substantially S-shaped baffle members. The baffle members are : 
; ( • ; configured to separate one or more entrained substances from an a 

[0016] According to another embodiment, a baffle comprises a plurality of baffle members 
- . and a frame. Each of the plurality of baffle members comprises a base, a first side wall, and a .7 

; - second side wall where the side walls extend outwardly from the same side of the base. The 
" : frame is configured to hold the baffle members in a substantially parallel relationship to each/ 

other. The baffle members also are arranged in at least two offset and opposed rows where 
the first and second side walls of one baffle member extend toward the first and second side: 
walls of the opposed baffle members. The base of at least some of the baffle members 
comprises a recess where the base extends toward a space which is between two adjacent 
opposed baffle members. 

[0017] According to another embodiment, a baffle comprises a plurality of baffle members ' 
and a frame. Each of the plurality of baffle members comprises a base, a first side wall, and a 
second side wall, where the side walls extend outwardly from the same side of the base. The 
frame is configured to hold the baffle members in a substantially parallel relationship to each 
other. The baffle members also are arranged in at least two opposed rows where the first side 
wall of one baffle member extends toward and overlaps the first side wall of another baffle 
member in an interlocking relationship and the second side wall of the one baffle member 
extends toward and overlaps the second side wall of yet another baffle member in an 
interlocking relationship. 
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[001 8] According to another embodiment/ a method of making a baffle compri 
providing a plurality of substantially S-shaped baffle members and coupling the plurality of 
S-shaped baffle members to a frame. The frame comprises a first side and a second side and 
the baffle members extend from the first side to the second side and are positioned 
substantially parallel to each other. './•*: : : k 

. [0019] According to another embodiment, a method for separating an entrained substance 
from an air stream comprises passing an air stream through a plurality of substantially S- / 
shaped baffle members where the S-shaped baffle members are held substantially parallel to 

(each other by a frame. , , ; 

.: [0020] According to another embodiment, a baffle comprises means for separating an ; 
entrained substance from an air stream and a framexonfigured to hold the means. 

■ ■V^vK BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a cross-sectional side perspective view of a hood according to one 
embodiment. . 

[0022] Fig. 2 is a cross-sectional side view of a hood according to another embodiment. 

[0023] Fig. 3 is a cross-sectional side view of a baffle according to another embodiment. 

[0024] Fig. 4 is a cross-sectional perspective view of a baffle according to another 
embodiment. 

[0025] Fig. 5 is a perspective view of a plurality of baffle members according to one 
embodiment. 

[0026] Fig. 6 is a cross-sectional view of a plurality of baffle members according to another 
embodiment. 

[0027] Fig. 7 is a perspective view of a baffle according to another embodiment. 
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[0028] Fig. 8 is across-sectional view of aplurality of baffle members according to another ' 
embodiment. - ,* - * . 

[0029] Fig: 9 is a cross-sectional view oftwo sheets of metal formed into opposing U 
shaped members according to one embodiment. 

[0030] Fig. 10 is a cross-sectional view of a baffle according to another embodiment. 

; [0031] Figs. 1 1 A-l 1H are cross-sectional views of various embodiments of substantially S- 
shaped baffle members, v ■ ;.; 

[0032] Figs. 12-15 are cross-sectional views of various embodiments of baffle members. - 

[0033] Fig: 16 is a cross-sectional view of a separation cartridge according to one 
embodiment. ■ . ■ - " ' \ " ' " :: '■: v: ": 

[0034] Fig. 17 is a graph of the fractional efficiency of various embodiments of a baffle as 
well as for a conventional baffle. 

[0035] Fig. 1 8 is a diagram of a simulated baffle geometry. 

[0036] Fig. 19 is a diagram of a plurality of baffle members showing the zones where 
particles may be deposited as the particles pass between the baffle members. 

[0037] Figs. 20A-20B are diagrams of the simulated velocity magnitudes of an exhaust 
stream as it passes between a plurality of baffle members at various boundary conditions. 

[0038] Fig. 21 is a diagram of the simulated stream lines of an exhaust stream as it passes 
between a plurality of baffle members. 

[0039] Figs. 22A-22D show the simulated particle trajectories for various sizes of particles 
as they pass between a plurality of baffle members. 

[0040] Figs. 23 illustrates a baffle with a filtration media dispersed therein in accordance 
with an exemplary embodiment. 
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[0041] Fig. 24 illustrates a separation cartridge in accordance with an exemplary 
embodiment. . . • ■' - 

. DETAILED DESCRIPTION. 

[0042] With reference to the accompanying Figures, the present disclosure relates to baffles 
and systems (e.g., grease capture systems, residential kitchen hoods, commercial kitchen , 
hoods, etc.) that use baffles to separate an entrained substance (e.g., grease, soot, other 
particles, etc.) from a fluid stream (e.g., gas stream, kitchen exhaust stream, etc.). Also, the 
present disclosure relates to methods of making such baffles. While the subject matter herein 
is presented in the context of the use of baffles in the field of kitchen hoods, the baffles may 
also be utilized in alternative applications, as will be appreciated by those of ordinary skill 
(e.g., laboratory hoods, air filtration systems, paintspray booths, etc.). In addition to 
removing substances commonly found in a kitchen exhaust stream, the baffle may also be 
capable of filtering and/or collecting other types of organic, inorganic, hydrophobic, 
hydrophilic, and/or amphophilic particles, and may include living organisms such as bacteria 
and viruses. Multiple embodiments of baffles and systems are described herein that may be 
combined with one another in a variety of ways to provide additional embodiments unless 
noted otherwise. 

[0043] Referring to Fig. 1, a cross-sectional side perspective view of an exemplary 
embodiment of a hood 80 is shown. Hood 80 includes a plurality of baffles 1 00, a grease 
trough 82, an exhaust chamber 86, and an exhaust chamber outlet 88. As shown, hood 80 is a 
tapered canopy hood. However, in other embodiments, hood 80 may be any of a number of 
different types of hoods such as a box canopy, a V-bank box canopy, or other hood suitable 
for use with the baffles disclosed herein. 

[0Q44] In one embodiment, hood 80 is part of a system that is used to vent exhaust (e.g., air 
or gas stream including entrained substances) from the interior of a building (e.g., where a 
food item is being cooked) to the exterior of the building and into the atmosphere. In 
addition to hood 80, the system may include ductwork and a fan. The ductwork is desirably 
coupled to hood 80 and extends through the walls to the outside of the building where the 
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. exhaust is released through the exhaust port. The fan is used to move the exhaust from hood 
80, through the ductwork, and outside of the building. In one embodiment, the fan is coupled 
to the ductwork at a position exterior to the structure (e.g., the fan may be positioned on the 
roof of the building, etc). v~ : ' 

[0045] Baffles 100 are generally used to separate substances such as grease, soot, etc. from 
the exhaust stream, thus preventing the grease from accumulating in exhaust chamber 86, on 
the ductwork, and/or near the exhaust port (e.g., the roof of the building). As the substance 
(e.g., grease) is separated from the exhaust stream it is collected in trough 82. Trough 82 
may be configured so that the grease flows into a grease collector (not shown). For example, 
trough 82 may be configured to be sloped so that the grease flows to one or more collectors ' ■ 
that allow the grease to be disposed of easily (e.g., . the grease collector is a removable 
reservoir that is easily emptied): 

[0046] In an exemplary embodiment, baffles 100 are positioned near the opening of exhaust 
chamber 86. Generally, this position is desirable because the grease is removed before 
entering exhaust chamber 86 and/or the ductwork. However, in other embodiments, baffles 
100 may be positioned in the ductwork, adjacent exhaust chamber outlet 88, or adjacent the 
exhaust port. In short, baffles 100 may be positioned in any suitable location in a system to 
provide the desired separation capability. 

[0047] Referring to Fig. 2, a cross-sectional side view of hood 80 is shown. In one 
embodiment, one of baffles 100 is positioned in hood 80 using an upper railing 102 and a 
lower railing 104. Upper railing 102 extends downward and away from a top 90 of hood 80 
and towards a side 92 of hood 80. Lower railing 104 extends upward and outward from side 
92 towards top 90. Railings 102 and 104 can be substantially U-shaped, as shown, but can 
also have other suitable shapes. Baffles 100 are configured to be received by and extend 
between upper railing 102 and lower railing 104. 

[0048] Fig. 3 shows an exemplary embodiment of one of baffles 100 positioned between 
upper and lower railings 102 and 104 of hood 80. Baffle 100 is positioned as shown by 
inserting a top side 105 of baffle 100 into upper railing 102 until a bottom side 107 of baffle 
100 is able to clear a lip 103 of lower railing 104. Bottom side 107 is then moved to a 
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position in line with lower railing 104; Baffle 100 is then lowered so that bottom side 107 is 
positioned in lower railing 104. When bottom side 107 is in lower railing 104, top side 105 is 
held in place by upper railing 1 02. However, by lowering bottom side 1 07, a space 94 is 
created between top side 105 and upper railing 1 02. Accordingly; this configuration allows 
baffle 100 to be easily removed from hood 80 for periodic cleaning and, if necessary, to be 
replaced. * 

. [0049] Other embodiments may be used to position baffle 100 in hood 80. In one 
embodiment, top side 105 may include a lip with a downward bent leading edge that meshes 
with a corresponding lip on hood 80 having an upward bent leading edge. In another 
embodiment, baffle 100 may be positioned in hood 80 using a flip-up clasp. Accordingly, 
any of a number of suitable devices, fasteners, and mechanisms may be used to position \ 
baffle 100 in hood 80. > 

[0050] Referring to Figs. 4-8, another embodiment of baffle 100 is shown. In this 
embodiment, baffle 100 comprises a frame 220 which encloses and/or holds a plurality of 
baffle members 202. In one embodiment, frame 220 may comprise openings 222 which 
allow substances such as grease to drain into trough 82 in hood 80. In another embodiment, 
frame 220 is coupled to baffle members 202 using rivets 226. Rivets 226 engage baffle : 
members 202 at openings 224. It should be understood that in other embodiments frame 220 
may be coupled to baffle members 202 in a variety of suitable permanent or non-permanent 
ways (e.g., spot welding, tabs on baffle members 202 that correspond to slots in frame 220, 
etc.). Also, as shown in Fig. 7, baffle 100 may comprise handles 204 which can be used to 
position baffle 100 between railings 102 and 104. 

[0051] As shown in Figs. 4 and 7, frame 220 comprises a first side 221 and a second side 
223. Baffle members 202 extend from first side 221 to second side 223 of frame 220. In this 
embodiment, frame 220 is config^ed to hold baffle members 202 in a fixed position where 
each baffle member 202 is substantially parallel to the other baffle members 202. 

[0052] As shown in Figs. 4, 5, and 6, baffle members 202 have a substantially S-shaped 
cross section. When baffle 100 is laid flat in a horizontal plane, as shown again in Fig. 6, 
each baffle member 202 may be referred to as including a first curved portion or top curve 



Attorney Docket No.: 065640-0221 

210 and a second curved portion or bottom curve 212 which together form the S-shaped cross 
section of baffle members 202. Each baffle member 202 also includes a first edge 206 and a 
second edge 208. First edge 206 is adjacent to top curve 210 and partially defines an entry 
. opening 118 where exhaust stream 112 enters baffle 100. Second edge 208 is adjacent to : . 
bottom curve 212 and partially defines an exit opening 120 where exhaust stream, 112 exits 
baffle 100. Baffle members 202 are arranged so that adjacent baffle members 202 overlap 
each other: For example, as shown in Figs. 4-8, top curve 210 of one baffle member 202 is 
positioned over second edge 208 of an adjacent baffle member 202. Likewise, bottom curve 
212 of one baffle member 202 is positioned below first edge 206 of another adjacent baffle 
member 202. In this manner, baffle members 202 may overlap to define a substantially S- 
shaped channel 214 through which exhaust stream 1 12 travels as it passes through baffle 100. 
In one embodiment, top curve 210 of one baffle member may be positioned over second edge 
208 so that first edge 206 extends beyond second edge 208 towards bottom curve 212. 

[0053] Referring to Figs. 23 and 24, a separation media 380 (e.g., porous particles, non- 
porous particles, fibrous material such as mesh or metal scrim, etc.) may be positioned in the 
substantially S-shaped channels 214 defined by baffle members 202. Screen 382 may be 
used to hold separation media 380 in channels 214. Thus, the size of the holes in screen 382 
should be smaller than the size of the smallest particle of separation media 3 80. In one : 
embodiment, separation media 380 may comprise porous, inorganic particles as described in 
U.S. Patent Application No. 10/632,805 ('805 application), entitled "Separation Apparatus,", 
the entire disclosure of which is hereby expressly incorporated by reference, or any of the 
many other embodiments of separation media 380 described in the '805 application. In 
alternative embodiments, separation media 380 may be included in other baffles having 
baffle members that are not substantially S-shaped. For example, a large number of 
conventional baffles may be filled with separation media 380 to provide additional 
embodiments of baffle 100. 

[0054] Referring to Figs. 5 and 6, first edge 206 and second edge 208 are rounded 
according to one embodiment. Edges 206 and 208 may be rounded by bending baffle 
member 202 at edges 206 and/or 208 in a small loop. In another embodiment, edges 206 
and/or 208 may be rounded by folding edges 206 and/or 208 over on itself so that no loop is 
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formed. In this embodiment, a rounded portion 21 3 of edges 206 and/or 208 is typically 
smaller than the rounded portion of edges 206 and/or 208 where a loop is formed. In one 
embodiment, the radius of rounded edges 206 and 208 is at least approximately 1.5 times (or 
2 times, 2.5 times, or 3 times) the cross sectional thickness 215 of baffle member 202. In 
another embodiment, the radius of rounded edges 206 and 208 is at least approximately 0.38 
millimeters (or 0.5 1 millimeters or 0.63 millimeters). While not wishing to-be bound by 
theory, it is thought that rounding edges 206 and 208 reduces the size and/or number of 
eddies and/or areas of turbulent flow, which, consequently, may decrease the pressure drop 
across baffle 100. Of course, in other embodiments, edges 206 and/or 208 may not be 
rounded. '.. 

[0055] In another embodiment, first edge 206 includes a linear portion 216, and second 
edge 208 is substantially continually curved. As shown in Fig. 6, linear portion 216 begins at 
a point where the curvature from top curve 2 10 ends and extends to rounded portion 2 1 3 of 
first edge 206. However, second edge 208 is substantially continually curved so that bottom 
curve 212 naturally flows into rounded portion 2 1 3 of second edge 208. Also, it should be 
noted that second edge 208 curves beyond a plane 218 that is normal to the center of top 
curve 210. Thus, while not wishing to be bound by theory, it is thought that second edge 208 
directs exhaust stream 112 against top curve 210 in a more forceful manner than if second 
edge 208 was not curved beyond plane 218, thereby increasing the efficiency at which 
substances in exhaust stream 1 12 are captured. 

[0056] In another embodiment, top curve 2 1 0 and bottom curve 21 2 may comprise the 
same or varying radiuses. For example, the radius of top curve 210 may vary from 
approximately 3 mm to approximately 15 mm, desirably from approximately 6 mm to 
approximately 9 mm, or suitably from approximately 7 mm to approximately 8 mm. In 
another embodiment, the distance between the center of top portions 210 of adjacent baffle 
members 202 may be between approximately 5 mm and approximately 100 mm, or, 
desirably, between approximately 10 mm and approximately 50 mm, or, suitably, between 
approximately 15 mm and approximately 30 mm. In still another embodiment, the width of 
baffle 100 may be 10 mm to 30 mm. Baffle 100 may be included as part of a separation 
cartridge which also includes another separation medium (e.g., a packed bed). Of course, in 
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another embodiment, baffle 100 may be configured to be a suitable size to fit between upper 
and lower railings 102 and 104. 

[0057] Referring to Fig. 8, the minimum extent to which a substance must be deflected to 
pass through channel 214 is shown. A particle traveling along pathway 250 is deflected the 
minimum amount because the particle enters opening 1 1 8 at an angle where the particle 
would be deflected the least amount as it passes first edge 206. Pathway 250 is the line with 
arrows indicating the direction that the particle travels. In order for a particle to pass first 
edge 206, second edge 208, and pass out of opening 120 of the embodiments shown in Fig. 8, 
the particle must be deflected at least 207 degrees. A similar analysis may be performed on a 
wide variety of baffles to provide a comparison with baffle 100; Accordingly, in one 
embodiment, the minimum extent to which a substance must be deflected to pass through 
channel 214 is at least approximately 1 80 degrees, or, desirably, at least approximately 190 
degrees, or, suitably, at least approximately 205 degrees. : . 

[0058] Referring to Figs. 9 and 10, baffle 100 is shown at various stages in a process used 
to make baffle 100, according to one embodiment. Baffle 100 made according to Figs. 9 and 
10 comprises baffle members 202 which have a substantially S-shaped cross section. The 
first step in the process of making baffle 100 is to provide two sheets of sheet metal. The 
sheets are initially cut in locations that correspond to openings 1 18 and 120 Portions 260, 
which are adjacent the cuts are then bent to form top curves 210 and bottom curves 212, as 
shown in Fig. 9. Top curves 210 and bottom curves 212 are then brought together (e.g., spot 
welded, riveted, etc.) in an offset manner to form baffle members 202, as shown in Fig. 1 0. 
One piece of sheet metal was used to supply top curves 210 and the other piece of sheet metal 
was used to supply bottom curves 212. In one embodiment, the width 262 of baffle 100 
made using this process is approximately 16 millimeters and the length 264 is approximately 
40 centimeters. In general, it should be noted that the width of baffle 100 is proportional to 
the spacing of openings 118 and 120 when using this process. Therefore, as the distance 
between the center points (i.e., the distance between adjacent cuts in the sheet metal) of 
adjacent openings 1 1 8 is increased, the width 262 of baffle 100 is also increased and vice 
versa. In other embodiments, each baffle member 202 may be made out of a single piece of 
metal. 
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[0059] Figs. 1 1 A-l 1G show- various other baffle members 202 which have a substantially 
S-shaped cross section according to other embodiments. The substantially S-shaped cross- 
section can be a true S-shape, Z-shape, or variation of the same. In general, Figs. 1 1 A-l 1G 
show the cross sections of a plurality .of baffle members 202 in a horizontal plane. From 
Figs. 1 1 A- 1 1 G it should be noted that there are a wide variety of shapes and configurations 
for baffle members 202 that may be used to separate an entrained substance from exhaust 
stream 1 12. Also, the various features of the embodiments of baffle members 202 described 
previously apply equally to those baffle members 202 shown in Figs. 11A-11G (e.g., the 
edges may be rounded, etc.). * 

[0060] Figs. 1 1 A and 1 1C show overlapping baffle members 202 having a substantially S- 
shaped cross section according to one embodiment. In Figs. MIA and MIC, baffle members . 
202 are generally shaped as substantially vertical S-shapes positioned in close proximity to 
each other so that exhaust stream 112 is deflected as it passes between baffle members 202. 
Baffle members 202 in Fig. 1 1 A are slightly smaller than baffle members in Fig. 1 1C. Also, 
baffle members 202 in Fig. 1 1C comprise three curves (top curve 210, bottom curve 212, and 
third curve 211) and baffle members 202 in Fig. 1 1 A comprise two curves (e.g., top curve 
210 and bottom curve 212). 

[0061] Figs. 1 IB and 1 IE show overlapping baffle members 202 having a substantially S- 
shaped cross section according to further embodiments. Baffle members 202 in Fig. 1 IB are 
generally similar to baffle members 202 shown in Fig. 6 except that baffle members 202 in 
Fig. 1 IB are tilted slightly to the right as though bottom curves 212 were held still and top 
curves 210 were moved slightly to the right. Also, first and second edges 206 and 208 are 
rounded in Fig. 1 IB. Fig. 1 IE is similar to Fig. 1 IB except that in Fig. 1 IE, baffle members 
202 are titled to the left as though bottom curves 212 were held still and top curves 210 were 
moved slightly to the left. 
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[0062] Fig. 1 ID shows overlapping baffle members 202 having a substantially S-shaped 
cross section according to another embodiment. In this embodiment, baffle members 202 
comprise top angles 270, bottom angles 272, and third angles 271 . Unlike previous 
embodiments which comprise curves 210, 212, and/or 211, angles 210, 212, and/or 211 in 
Fig. 1 ID make sharp turns to form the substantially S-shaped baffle members 202. 

[0063] Figs. 1 IF and 1 1G show overlapping baffle members 202 having a substantially S- 
shaped cross section according to further embodiments. Baffle members 202 in Figs. 1 IF 
and 1 1G are generally similar to baffle members 202 shown in Fig. 6 except that top curves 
210 and bottom curves 212 of baffle members 202 in Figs. 1 IF and 1 1G are generally shaped 
similar to a U with substantially flat bottom portions 274. Fig. 1 1G is a mirror image of Fig. 

liF. " -V:. \ . ' /• . • ' ■ <■ ..' ■ 

[0064] Fig. 1 1H shows a cross sectional view of a single baffle member 202 which includes 
a first surface 412 and a second surface 414. Baffle member 202 is bent in two places at two 
angles. To form the desired shape, a first angle 416 is greater than 180 degrees and a second 
angle 418 is less than 180 degrees. As shown in Fig. 1 1H, the first and second angles 416 
and 41 8 are measured from the first surface of one bend to the first surface on the adjacent 
bend to provide a uniform method of measuring angles 416 and 418. This measurement can 
be applied to both the curved baffle members and angular baffle members. 

[0065] Referring to Fig. 12, overlapping baffle members 302 are shown according to 
another embodiment. Baffle members 302 may be generally described as having a cross 
section that is shaped similar to two conjoined U-shapes where the open portions of the U- 
shapes face the same direction. This is in contrast to some of the embodiments of baffle 
members 202 where the two conjoined U-shapes have open portions that face in opposite 
directions and form an S-shape. As shown in Fig. 12, baffle members 302 are arranged in at 
least two offset and opposed rows where a first side wall 304 and a second side wall 306 of 
one baffle member 302 extend toward first side walls 304 and second side walls 306 of the 
opposed baffle members 302. In the embodiment shown in Fig. 12, all of baffle members 
302 also comprise a base 308 which includes a recess 3 10. Recess 310 extends toward a 
space 312 which is between first side wall 304 of one adjacent opposed baffle member 302 
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and second side wall 306 of another adjacent opposed baffle member 302. In the 
embodiment shown in Fig. 13, only one row of baffle members 302 comprise recess 310 in 
base 308. The other baffle members 302 comprise a generally flat base 308. Of course, any 
suitable combination of baffle members 302 having a generally flat base 308 and a recessed 
based 308 may be used. 

[0066] Referring to Fig.. 14, another embodiment of baffle members 302 is shown. This 
embodiment is similar to those embodiments described in connection with Figs. 12 and 13 in 
that baffle members 302 can generally be described as having a cross section that is shaped 
similar to two conjoined U-shapes where the open portions of the U-shapes face the same 
direction. However, in this embodiment, recess 3 10 is larger than in Figs. 12 and 13. 
Enlarging recess 310 extends third and fourth walls 320 and 322 to a position where walls 
320 and 322 are positioned between first side wall 304 of one adjacent opposed baffle 
member 302 and second side wall 306 of another adjacent opposed baffle member 302. 

[0067] Referring to Fig. 15, another embodiment of baffle members 302 is shown. In this 
embodiment, baffle members 302 comprise first side wall 304, second side wall 306, and 
base 308. The first and second side walls 304 and 306 generally extend outwardly from the 
same side of base 308. Baffle members 302 are generally arranged in at least two opposed - 
rows where first side wall 304 of one baffle member 302 extends toward and overlaps first 
side wall 304 of another baffle member 302 in an interlocking relationship and second side 
wall 306 of the one baffle member 302 extends toward and overlaps second side wall 306 of 
yet another baffle member 302. 

[0068] In one embodiment, baffle 100 may be combined with other separation mediums to 
form a separation cartridge 124, as shown in Fig. 16. In general, separation cartridge 124 
comprises baffle 100, an additional separation medium, and frame 1 10. In one embodiment, 
the additional separation medium may be a packed bed 108. Baffle 100 may be configured to 
initially separate substances out of exhaust stream 1 12. After passing through baffle 100, the 
other separation medium may separate all or a portion of the remaining substances from 
exhaust stream 112. Of course, any of the embodiments and configurations described in U.S. 
Patent Application No. 10/632,805, entitled "Separation Apparatus," may also include baffle 
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1 00. For example, with reference to Fig. 24, a plurality of perforated plates 390 having 
openings 392 may be used in conjunction with baffle 1 00 to form another embodiment of 
separation cartridge 124. As shown in Fig. 24, openings 392 of one plate 390 are offset with 
respect to openings 392 of an adjacent plate 390. Also, separation media 380 may be 
positioned in channels 214 to provide additional separation capabilities. In other 
embodiments, baffle 100 may be used in combination with another separation medium which 
is positioned adjacent to or distant from baffle 100 in the ventilation system. 

Example 1 \ v y • ;- ■ 

[0069] Referring to Fig. 17, a graph is shown of the separation efficiency versus particle 
size for various embodiments of separation cartridges as well as for a conventional baffle at 
two different air flow rates. In particular, the fractional efficiency of baffle 100 (all 
references to baffle 100 in this example refer to the embodiment shown in Figs. 4-8) alone 
and in combination with a second separation medium comprising a packed bed 108 are 
shown. The procedure used to obtain the data in Fig. 17 is as follows. 

[0070] A standard sized 1 .22 meter hood was used to acquire the efficiency data. The hood 
is approximately 41 cm between rails 102 and 104 and is configured to hold three 
approximately 41 cm by approximately 41 cm baffles. 4.57 meters of straight, 40.64 cm 
diameter, round duct connects the hood to an exhaust fan. The exhaust fan is a standard 
exhaust fan available from Loren Cook Co., Springfield, MO 65808. The flow of exhaust 
through the hood is selectively adjustable to a number of suitable exhaust flows. 

[0071] The first step in performing the efficiency testing is to set the fan speed to achieve 
the desired flow rate of exhaust stream 1 12. The flow rate of exhaust stream 1 12 may be 
calculated by measuring the velocity in the duct with an appropriate measuring device such as 
a pitot tube or anemometer and then multiplying that velocity by the known cross sectional 
area of the duct. 

[0072] In this example, oleic acid is used as an artificial emission material to introduce into 
exhaust stream 112. An atomizer is positioned below an opening in the hood where the 
baffles sit. An optical particle counter, available from Pacific Scientific Instruments, 481 
California Ave., Grants Pass, OR 97526, is used to size and count the oleic acid particles. An 
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appropriate sized sampling nozzle to obtain isokinetic sampling conditions is placed in the 
center of the duct, eight duct diameters downstream from the hood. If necessary, a diluter is 
attached to the particle counter so the concentration of particles does not exceed the 
maximum concentration for the particle counter as specified by the manufacturer. The 1 
particle counter has eight channels or bins for different size particles. Although the optical 
particle counter can sense particles between 0.3 and 20 microns, the bins are selected to be 
within the range of 0.9 to 10 microns. 

[0073] Initial samples are taken of the particle count in exhaust stream 1 12 to obtain a 
baseline without a separation apparatus in place. The counter samples the particles five times 
for a duration of one minute each time to obtain an average. The various separation 
cartridges being tested are then placed in the hood without changing the atomizer. The fan is 
adjusted to obtain the same flow rate at which the baseline was obtained. Once the flow rate 
is adjusted, the counter may sample another five times to obtain an average.. This procedure 
is performed at two flow rates: 387 L/s*m and 619 L/s*m. The baseline is then compared to 
the particle counts with various baffles in place to obtain a percentage efficiency based on the 
eight different particle sizes identified by the 8 bins in the particle counter. Fig. 17 can then 
be established using this data. \ 

[0074] In Fig. 17, the dashed lines refer to data obtained at a flow rate of 619 L/s*m and the 
solid lines refer to data obtained at a flow rate of 387 L/s*m. One trend that can be seen in 
the graph is that the higher flow rate generally results in higher efficiencies for all of the 
tested items. The conventional baffles failed to realize efficiencies that were much above 
50% for 10 micron particles and had 0% efficiency for particles below 3 microns. By 
contrast, baffle 100, realized an efficiency of about 85% at 387 L/s*m and 95% at 619 L/s*m 
for 10 micron particles. Also, the efficiency of baffle 100 for 5 micron particles was 60% at 
387 L/s*m and 80% at 619 L/s*m. The efficiency of baffle 100 was negligible for particles 
smaller than 2.5 microns at the lower flow rate and was 30% for 2 micron particles at the 
higher flow rate. Baffle 100 combined with a packed bed provided even greater efficiency. 
Specifically, at the lower flow rate, the addition of the packed bed increased the efficiency 
overall by approximately 10-20% and, at the higher flow rate, the addition of packed bed 108 
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increased the efficiency overall by approximately 4-5% for particles above 7 microns and 10- 
20% for particles below 7 microns. 

[0075] The pressure drop oyer the conventional baffle is 149 pascals and 50 pascals for the 
high and low flow rates, respectively. The pressure drop over baffle 100 by itself is 323 
pascals and 124 pascals for the high and low flow rates, respectively. The pressure drop over 
the combination of baffle 100 and packed bed 108 is 672 pascals and 348 pascals for the high 
and low flow rates, respectively. 

Example 2 : -.. 

[0076] A Discrete Phase Model (DPM) in the FLUENT computational fluid dynamics 
(CFD) software (version 6.1.18, Windows XP) is used to simulate the trajectories of particles 
through baffle 100 having baffle members 202 with a substantially S-shaped cross section. 
The objective was to determine the particle deposition efficiency and deposition locations in 
the baffle. The cross-section of baffle members 202 is shown in Figs. 1 8 and 19, along with 
numbered zones. The simulation conditions are shown in Table 1 and the calculated fraction 
of particles deposited in each zone are reported in Tables 2 and 3, for average inlet flow 
velocities of 0.955 m/s and 1 m/s, respectively. The numbers in Tables 2 and 3 indicate the 
number of particles out of 1000 that are deposited in each zone for each particle size. The 
total at the bottom of the table is the sum for all zones. 

Table 1. 

FLUENT version " _ 6.1.18, Windows XP — — — 

Inlet velocity 0.955, 1 m/s - 

Inlet-lower baffle distance 2 in. 

Upper baffle-outlet distance > 3 in. 

Viscous model Laminar flow 

Fluid air 

Particle size . 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 fim 

Particle density 0.89 gm/cm 3 

Particle trajectories 1000 for each particle size _ 
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Table 2a 





Particle size (symmetry boundary, 0.955 m/s) [um] 


Baffle zone 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Incomplete 


























1 


1 






















8 


62 


142 


2 




























3 


7 


9 


20 


43 


92 


181 


313 


517 


880 


1000 


992 


938 


857 


4 










2 


6 


14 


22 


51 










5 




























6 




























7 




























8 




























9 














664 


461 


69 










10 












80 


9 















Total 7 9 20 43 94 267 1000 1000 1000 1000 1000 1000 1000 



Table 2b 





Particle size (periodic boundary, 0.955 m/s) Tumi 


Baffle zone 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Incomplete 






















6 


40 


71 


1 






















15 


39 


84 


2 




























3 


7 


9 


20 


43 


92 


181 


313 


516 


875 


1000 


979 


921 


845 


4 










3 


6 


13 


22 


53 










5 




























6 




























7 




























8 




























9 












103 


659 


462 


72 










10 












37 


15 















Total 7 9 20 43 95 224 1000 1000 1000 1000 1000 1000 1000 



[0077] The flow through the baffles is simulated as laminar flow because the inlet Reynolds 
number was about 1 300. A representative simulation domain for the simulation must be 
chosen. The baffle geometry shown in Fig. 19 is repeated about 12-14 times, producing 
periodic boundary conditions in the exhaust plenum (see Fig. 18). However, the existence of 
walls on either side of baffle 100 means that only a few baffle members 202 in the center of 
baffle 100 have periodic boundaries that are not significantly affected by the walls of the 
ductwork. Because we are only interested in the particle deposition efficiency within baffle 
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100, the boundary conditions used in the exhaust plenum, whether symmetry or periodic 
boundaries, do not significantly affect the simulated particle deposition efficiency within each 
baffle member 202. Because it is easier to do simulations with symmetry boundary 
conditions, unless otherwise noted, all results are shown for simulations with symmetry 
boundary conditions in the exhaust plenum and for an inlet velocity of 0.955 m/s. To 
. demonstrate the weak effect of the boundary condition on simulated particle deposition 
efficiency, simulations for periodic boundary conditions in the exhaust plenum are also 
performed. The results for both boundary conditions are reported in Table 2a and 2b. Table 3 
shows deposition efficiency for symmetry boundary conditions in the exhaust plenum and for 
an inlet velocity of 1 m/s, just 5% higher than the target velocity of 0.955 m/s. The results 
shown in Table 3 show that a 5% difference in the inlet velocity has a greater effect on the 
simulated deposition efficiency than the choice of boundary condition in the exhaust plenum. 
Therefore, symmetry boundary conditions are used in the exhaust plenum. 



Table 3 





Particle size (symmetry, 1 m/s) fjaml 


Baffle zone 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Incomplete 






















18 


62 


72 


1 




















3 


24 


53 


120 


2 




























3 


8 


10 


23 


48 


101 


196 


344 


564 


983 


997 


958 


885 


808 


4 










3 


6 


13 


24 


17 










5 




























6 




























7 




























8 




























9 












773 


643 


412 












10 










21 


25 

















Total 8 10 23 48 125 1000 1000 1000 1000 1000 1000 1000 1000 



[0078] Figs. 20A shows velocity magnitudes using symmetry boundary conditions, and Fig. 
20B shows velocity magnitudes using periodic boundary conditions. The lighter areas 
generally represent higher velocities while the darker areas represent lower velocities. 
However, areas 305 refer to portions where the darker areas represent higher velocities and 
the lighter areas represent lower velocities. Figs. 20 A and 20B indicate that up to the mark 
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indicated by arrow 310, there is no significant difference in the simulated velocity magnitude 
between symmetry and periodic boundary conditions. Fig. 21 shows stream lines as exhaust 
stream 112 passes through channel 214 of baffle 100. 

[0079] Referring to Figs. 22A-22D, particle trajectories are simulated for 1000 injection 
points spaced uniformly across the inlet plane of the system. Particle sizes were varied from 1 
to 13 microns in increments of 1 micron. Figs. 22A-22D show 1000 particle trajectories for 
particle diameters of 1, 5, 6, and 7 microns, respectively. Figs. 22A-22D show that from 5 to 
7 microns the particle deposition efficiency goes from near 0 to 1 00%. Table 2 indicates that 
approximately 50% of the 6 micron particles are removed and that there is no significant 
difference between assuming either symmetry or periodic boundary conditions in the exhaust 
plenum. Table 2 also indicates that smaller particles, penetrate the system and deposit in the 
exit portion of channel 214, whereas larger particles deposit on the upper part of the initial 
bend. Table 3 indicates that with a modest increase in velocity, a larger fraction of 6 micron 
particles are captured, and that they are captured in the exit portion of channel 214. 

[0080] As utilized herein, the terms "approximately," "about," "substantially," and similar 
terms are intended to have a broad meaning in harmony with the common and accepted usage 
by those of ordinary skill in the art to which the subject matter of this disclosure pertains. It 
should be understood by those of skill in the art that these terms are intended to allow a 
description of certain features described and claimed without restricting the scope of these 
features to the precise numerical ranges, etc. provided. Accordingly, these terms should be 
interpreted as indicating that insubstantial or inconsequential modifications or alterations of 
the subject matter described and claimed are considered to be within the scope of the 
invention as recited in the appended claims. 

[0081] The construction and arrangement of the elements of the separation apparatus as 
shown in the embodiments is illustrative only. Although only a few embodiments of the 
present inventions have been described in detail in this disclosure, those of ordinary skill who 
review this disclosure will readily appreciate that many modifications are possible without 
materially departing from the novel teachings and advantages of the subject matter recited in 
the claims. Accordingly, all such modifications are intended to be included within the scope 
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of the present invention as defined in the appended claims. The order or sequence of any 
process or method steps may be varied or re-sequenced according to alternative 
' embodiments. Other substitutions, modifications, changes and omissions may be made in the 
design, operating conditions and arrangement of the embodiments without departing from the 
scope of the present invention as expressed in the appended claims. 
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